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1 
This invention relates fo aircraft, and especial- 
ly to aircraft in which the propelier is rotated by 
the reaction of jets that issue from the blades of 
the propeller or from conduits that are secured 
to the b]ades. The invention relates more par- 
ticularly to he]icopters and the terre "prope]]er" 
is used in the description and claires in a broad 
sense fo include helicopter rotors. 
Numerous advantages of the he]icopter are weli 
recognized, particularly its ability fo hover/and 
fo fise and land vertically. Efficiencies of heli- 
.copters tend to be low, however, when hovering 
or in vertical flight because under such condi- 
tions there is no translatory movement of the 
rotor fo increase the lift, and tip losses are high 
when the rotor is operated fast enough fo com- 
pensate for the loss in lift that results from the 
]ack of translatory movement. 
Since it is essential that a helicopter have 
sufficient power for vertical flight, and since the 
power has hot been used efficiently under such 
circumstances, helicopters have had larger 
engines and bave been heavier and more costly 
than would otherwise be recessary. 
It is an object of this invention to provide an 
improved aircraft that has its power system com- 
bined with aoExiliary means for providing the 
additional power required for take off, and in 
the case of a helicopter, for vertical flight. In 
the preferred embodiment of the invention a 
helicopter has a jet-propelled rotor, and the addi- 
tional power for take off and vertical flight is 
obtained by burning fuel within the conduits 
through which compressed air flows to the jet 
openings or nozzles. This auxiliary heating is a 
less efficient use of the fuel than is obtained from 
an internal combustion engine driving a com- 
pressor, but if provides the added power with 
littte additional weight and cost of equipment, 
and since it is used only for short periods, the 
operating efficiency is of less importance than 
the weight which would be required for the addi- 
tional engine and compressor capacity that 
would be needed fo get a boost in power equiva- 
lent to that obtained from the use of the auxiliary 
. heaters of this invention. 
One feature of the invention relates fo a burner 
construction for heating a stream of gas while 
the gas is traveling af substantial velocity. The 
invention utflizes a tube placed in such a posi- 
tion that a portion of the air stream travels 
through the tube. A fuel sprayer at the up- 
stream end of the tube supplies.fuel that mixes 
with the .air and burns as if flows along the 
 length of the tube..The tube is highly heated to 
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a temperature above the ignition temperature of 
the fuel, and the diameter of the tube is corre- 
lated with the airstream velocity and rate of 
flame propagation so that  the stream of fuel and 
 air is burned throughout ifs entire cross section 
before reaching the end of the tube. 
Another object of the invention is fo improve 
the efficiency of helicopters having jet-propelled 
rotors. This object is attained by providing 
10 valves for cutting off the jets from the blades 
during that portion of each revolution when the 
blade is retreating. A substantial increase in 
efficiency is obtained by projecting the reaction 
jets from the advancing blades only. Other fea- 
15 tures of the invention relate to improved con- 
structions of the rotor .and rotor hub; and to 
structure for imparting exhaust gas heat, fo the 
compressed air stream,  
Other objects, features and advantages will 
20. appear or be pointed out as the speciflcation 
proceeds. 
In the drawings, forming a part hereof, in 
which like reference characters indicate corre- 
sponding parts in all the views, 
25 Figure 1 is a side elevation of a helicopter, 
partiy broken away, illustrating the manner in 
which compressed air is supplied fo the rotor and 
heated by exhaust gas from the engine. 
Figure 2 is an enlarged, sectional view of the 
;0 rotor hub and the connections for supplying fuel 
and compressed air from the hub fo the rotor 
blades. 
Figure 3 is a detafl view showing the way in 
which lubricant is supplied fo the center bearings 
35 of Figure 2. 
Figure 4 is a sectional view on the line 4--4 of 
Figure 2. 
Figure 5 is a sectional view on the line 5-- 
of Figure 4. 
4J Figure 6 is an enlarged sectional view, on line 
--9 of Figure 1, through the pylon and heat ex- 
changer. 
Figure 7 is a reduced scale sectional view 
through one of the rotor blades, the section be- 
45 ing taken on the line -- of Figure 8. 
Figure 8 is a transverse sectional view through 
the rotor blade shown in Figure 7. 
Figure 9 is a sectional view taken on the line 
9--9 of Figure 8. 
5O This application is a continuation in part of 
my application, Serial No. 528,799, flled Match 
30, 1944, now abandoned; and is a companion of 
application, Serial No. 116,190, flled August 
23, 1949. 
5: The helicopter shown in Figure 1 includes a 
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fuselage |6 with wheels |6 and a forward pas- 
senger compartment closed by a wind shield |7 
and cover |6. Seats |9 within the passenger 
compartment are indicated by dotted lines. In 
the rearward end of the fuselage there is an in- 
ternal combustion engine 2[} with an exhaust 
pipe 2| which extends upward to a heat 
changer 23 located in a pylon 25 secured to the 
upper portion of the fuselage. 
The engine 20 drives a compressor 27 tha 
delivers compressed air into a transition section 
29 communicating with a lower end of the pylon 
29. A rotor hub 3 is attached to the upper end 
of the pylon 2 and has articulation links 33 
angularly spaced around the hub foi" connection 
with rotor blades 39. 
Compressed air from the housing 2 panses up 
through the hollow pYlon 25, around the exhaust 
heat exchanger 23, and into the lower portion 
of the hub 3| in which the compressed air di- 
rides and passes throug/ conduits 3"1 leading 
to the respective bladës o the rotor. 
This heat éxchknger 23 comprises a metal 
vessei closed ai boh ends by caps integrally 
secured to the wails of the vessel. The exhaust 
pipe 2| from the engine is Connected with an 
il]let pipe at the iower end of the heat êxchanger, 
and there is ï tail pïpe 9 at the ùisper end 0f 
the eat exchanger from whicl/theexhaust gas 
escapes to the atmopi/ere. [[is construction 
Permits the exhaust gas from the en2ine to Pasn 
thr0ugh the heat exchanger 23 and Out through 
the exhaust tafi pipe39 àt he rear of the pylon 
witi0Ut mixing with anY of the compressed air 
whch movêS up through thepylon 25. The heat 
exchangèr 23 radiates heaf to the interior of the 
pyton and aiso transmits heät tothe air stream 
in the pylon by conduction te he air which comes 
in contact with the outside surface of the heat 
exchanger 23. More complicated heat exchang- 
ers can be used in order to cut down the length 
of thè heat exchanger, but sri/ce the pyl0n 25 
has tobe of substantial length in order to locate 
the rotor high en0ugh abòve thè fuselage, ad- 
vantage can be taken of the full length 6 the 
pyion ancï a simple ïnd Ïightweight heater used. 
The apparatus shog¢h is mereÏy rePresentative 
of heat exchangers. 
The internl coiïstrùction of the hùb 3| is 
sl%own in Figure 2.. The-hub inludés a non- 
roatable or flxed portion 3 bolted to the uPper 
end of the pylon 25, and a rotatable portion 
Thë rotàtable p0rfion 45 is held down on the 
non-rotating member 3 bY an attaching ele- 
ment 7 which has a threaded center portion 
7  extending down and screwed into a nut 
This attaching member 7 has threads 49 around 
its peripheral edge screwed into the rotatable 
hub member 
Thê nut 9 holds the infler race of a combined 
àxial and thrust bearing 5 against a shoulder 
of the attaching member 7, and a bearing hous- 
ing 52, which flts over the bearing , holds the 
outer race of the beariflg 6{} against a spacer 
which in turn bears against lie outer ace of 
an alignment béàing 55. The inner race of 
this alignment beàring 69 flts over the nut 4. 
The bearing housing 52 hà its 10wèr end con- 
nected to a longitudinal control :okè 67 by screws 
56. The yoke 7 is mountëd on a pin 59 with 
spacers 59 and 6. This pin extends from both 
sides of a lateral 0ntrol axle 63, and the latera! 
control axle 63 is pivotally attached to the flxed 
portion 3 of the rotor hub by axle pins ç5 (Fig- 
Uë 4) held in plàee bY coVêrs 66. Tlie ends of 
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the axle 63 are streamlined, as shown in Figure 
5, so as to reduce the resistance that they offer 
to the upward passage of comprensed air from 
the pylon. The helicopter is controlled !aterally 
:» by means of lateral control cables  (Figure 2), 
and longitudinally by means of lm]gitudinal con- 
trol cables 69 (Figure 4). The nmting surface 
the rotatäble hub portion 5 over the fixed hub 
portion 3 in substantially npherical about a 
i center at which the axis of the pin 98 intersects 
the axis of the pins 65, and the rotatable hub 
portion 5 can be tilted in any direction by 
means of the control cables 67 and 9. The roîor 
Can, thérèfore, be tilted forwardly so that the 
!5 aircraft will be p'opelled forwardly without the 
use of an air screw, making the aircraft, proper]y 
speaking, a helicopter. 
_Rotation of the rotor is obtained by the reac- 
tion of jets of compresned air Gr gan e]pe!led 
20 from the blades or from some jet orifice or nozzte 
conïected to the blades. For purposes Of the 
description and claim, the term "blade" in a 
broad sensé to.include hot 0nly the blade struc- 
ture proper but. any nozzles, pipes and 0ther 
°5 elements attached to he blade and rotatable 
as a Unit with if. 
Compressed air that psses up throu2h the 
pylon 25 enters the conduits 3] Which cóm- 
municate with the interior of the rotor bIades. 
30 Théne conduits 3] include a fitting 2 wlfiCh ex- 
tends from the rotatab!e portion g5 of the hùb 
and a flexible tube 73 that leads to a fittiïig n 
the rotOr blade. T1/ere is a generally, conical 
shield 75 within the hub for giving thë Com- 
35 pressed air chamber of the hub a fait form 
reduces turbulence in the stream of air pSng 
off from the pylc] 25 Cd out through the coi» 
duits 37 to the rotor blades of the helicopter. 
Leakage between the flxed portion 3 and ròtat- 
40 able portion  of the rotor hub is reduced to 
a minimum by means cf labyrinth glands 
Figure 3 shoWs the way in which luNricat is 
nupplied to the bearing 5i]. and other t)earings 
incased beneath the connecting element . A 
45 lubricant fltting 79 extmiding from the otltnide 
of the hub 3| leads to a passage $0 in ttie attaCh- 
ing element 7. Thispassage [} has an outle 
8| opening nt thè h0using 52 above the béar- 
ing l} so that lubricant forced into ttie fltting 
50 9 passes through the passage 8 and îrbm the 
ourlet 8| drops d0wn on the bearings Within 
the h0using 62. Lúbricant is sealed in the hous- 
ing 52 by a sealing ring, such as a felt Washer 
82, retained in an annular groove in the top of 
55 the housing 53 and bearing against the Under- 
side of the attaching element 
9-igure  shows a section throuh oné of the 
rotor blades 35. TheSe blades are ruade of sec- 
tions that include a leadïng edge sectiofi 8, a 
00 center section 85 and a trailin edge section 66. 
Compressed air fiows lengthwise in the blade 
throughthe sectiOns 9 and 85, both of vïhich 
serve as conduits for the compressed air. Near 
the outer edge of the blade 39 theré is a jet 
,5 opening or nozzle 89 through which compressed 
air from within the roto r blade fiows rearwardly 
to develope the 9èaction which drives the blade 
forward. The nozzle 69 opens directly into the 
center section 85, ï)ut compressed air or gas from 
70 the leading edge section 6 flows into the center 
section at the region Of the nozzle 89 through an 
opening 9 |. 
In the constrUction shown in Figure 8, the 
nozzle 99 is a epr.e ëlêfiien onnecêd to he 
: » Centëï  secti0fi of tïê rOr ]bldê b fstênings 
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such as rivets 98, and this nozzle 89 has a re- 
stricted throat section 94 and an expanding out- 
let for discharging the gas or air at high velocity. 
The jet orifice or nozzle can be ruade as an in- 
tegral part of the center section of the rotor 
blade, and the blade can be ruade without the 
different sections shown, and shaped to provide 
a suitable ourlet for the gas. The terre "nozzle" 
is used in a broad sense, therefore, to indicate 
any jet opening from which the compressed gas 
can be discharged under conditions of substan- 
tial velocity and without excessive turbulence 
which would destroy the efficienc of the jet re- 
action. 
In order to obtain extra thrust for conditions 
such as exist during take off, and for developing 
the extra power needed for hovering and for ver- 
tical fiight, auxiliary heaters are provided in the 
blade conduits through which the compressed air 
passes to the nozzle 89. Figures 7 and 8 show 
burners or combustion chambers comprising 
elongated sleeves or tubes 97 and 98 in the sec- 
tions 84 and 88 respectively. Each of these tubes 
is connected with a wall of the conduit by sup- 
porting means I{}{} which hold the tubes 97 and 
93 with their axes extending in the general di- 
rection of the fiow of the gas stream and in such 
position that a portion of the gas stream in each 
of the sections 84 and 88 passes through the tube 
97 or 98 enclosed in that section. These tubes 
and 98 are in effect by-pass conduits through 
which a portion of the air travels to the end of 
the blade. The supporting means 18{} contact 
only a smaH part of the tubes 97 and 98 and 
hold these tubes out of contact with the re- 
mainder of the blade structure so that the tubes 
are substantially insulated from the blade struc- 
ture and can operate at high temperatures. 
Toward the upstream end of each of£he tubes 
97 and 98 there is a nozzle or fuel sprayer 
Both of the fuel sprayers are supplied with fuel 
from a supply pipe 188 that passes down the in- 
side of the blade and communicates with a flex- 
ible fuel supply tube 1{}8 (Figure 2) leading to a 
fuel header 186 in the rotor hub. This header 
1{}6 is at the upper end of a vertical feed pipe 
that rotates as a unit with the rotor but extends 
down into a lower feed pipe 1{}8 attached to the 
non-rotatable portions of the rotor hub. This 
connection provides a rotatable joint in the fuel 
ltne. A flexible tube 189 at the lower end of the 
pipe 188 permits the pipe I8 to move as a unit 
with the tfltable elements of the rotor. This 
fuel pipe 08 connects with a fuel supply source, 
not shown, from which fuel is supplied to the tube 
{89, pipe {88, and header {86 under some pres- 
sure. 
The tubes 97 and 98 are ruade of material, 
either ceramic or metal, that can be heated above 
the ignition temperature of the fuel with which 
the burners are intended to be used. Each of the 
burners is provided with an electrical ignition 
device such as a spark plug Il8 located down 
stream from the fuel sprayers 1{}2. When the 
burners are used, fuel is supplied to the sprayers 
82 and the atomized or vaporized fuel from the 
sprayers travels down the tubes with the current 
of air that enters the open end of the tubes 
around the sprayers {82. This mixture of fuel 
and air is ignited by the spark plugs {{) and 
burns within the tubes 97 and 9 causing the 
tubes to become heated to a temperature above 
the ignition temperature of the fuel. Because 
of the high velocity of the air stream through the 
rotor blade and through the tubes 97 and 93, the 
flames would be blown away from the sprayers 
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! {}2 and satisfactory combustion of the fuel would 
not be obtained were it not for the high tem- 
perature of the tubes 97 and 98 after the burners 
are in full operation. The diameter of the open- 
5 ing through each of the burners 97 and 98 is so 
correlated with the velocity of the air stream 
and the rate of fiame propagation through the 
air-fuel mixture that fiame ignited from the hot 
walls of the tube, if hot otherwise, wfll traverse 
10 the entire cross section of the air-fuel stream 
and thoroughly burn the fuel before it passes 
from the tubes 97 and 98 and mixes with the other 
air on its way to the nozzle 89. 
Higher efficiency can be obtained by project- 
15 ing the reaction jets from the nozzle 89 only 
during the rime that the rotor blade of that 
nozzle is advancing. In ortier to take advantage 
of this fact, the nozzle 89 is then equipped with 
a slide valve ! ! { having a yoke ! 2 by which the 
2O side valve can be drawn across the nozzle 89 
to shut off the flow of compressed gas from the 
nozzle when the rotor blade is retreating. The 
slide valve {! moves in a guide {8 secured to 
the nozzle 89. 
25 The operating mechanism for the slide valve 
1 includes a lever 18 connected to the rotor 
by a pivot 9, and moved periodically by a 
plunger 2 that slides in a solenoid 22. Power 
to. energize the solenoid 22 is supplied by a con- 
3O ductor 2. This conductor extends down the 
blade  to a brush 2 (Fgure 2) that rides on 
a commutator 27, and the conducting and insu- 
lating sections oî the commutator 27 are so cor- 
. related in their angular extent that power is 
35 supplied to operate the solenoid and close the 
valve fo shut off the jet whenever the blade 
changes from an advancing to a retreating phase 
of its movement. The conducting segments of 
the commutator are insulated from the hub 8. 
40 A conductor ring .@, mounted on and insulated 
ïrom the hub , is located just below the com- 
mutator 2 and supplies power through a bruæh 
 32 and conductor ! $$ to the spark plugs or other 
igniters for the burners in the rotor blades. 
There are separate brushes 28 and 82, and sep- 
45 arate conductors  2 and ! $$ for each of the rotor 
blades. 
The preferred embodiment of the invention 
has bcen described but changes and modifica- 
tions can be marie and some features of the 
5O invention can be used without others. 
I claim as my invention: 
1. A helicopter including a rotor having blades, 
bearings on which the rotor turns, a nozzle on 
each blade from which a jet of gas is projected 
55 rearwardly to turn the rotor on said bearings, 
chambers within the blades communicating with 
the upstream ends oï said nozzles, apparatus that 
supplies compressed gas to the chambers, a shut 
off valve upstream from the discharge ind of 
60 each nozzle and movable into a position to block 
the fiow of compressed gas through that nozzle, 
and automatic valve-operating mechanism in- 
cluding elements responsive to the tm-ning of 
the rotor on said bearings, said valve-operating 
65 mechanism being correlated with the positions of 
the bearings so as to shut off the jets from the 
respective blades during the rime that the blades 
are retreating. 
7O 2. A helicopter comprising a jet-operated rotor 
having a plurality of blades, bearings on which 
the rotor turns, nozzles located at the end por- 
tions of the respective blades and from which 
jets of gas are directed from the trafling edges 
75 of the blades, to turn the rotor on said bearings, 
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chambers with.in theblades.communicating with 
the upstream erids Of.saict nozzles, apparàtus that 
su.pplies compressed .gas te .the Chambers, and 
automatic valve means upstream-frein .the.dis- 
charge end of each nozzle and- movable into .a 
position te-block the low-of compressed gas 
through that nezzle sa.id automatic valve-oper- 
ating means- bei.ng correla.ted, wi-th the positions 
of the bearings se. as te close,-the valve means 
and pïevent discharge er gas. frein each nozzle 
except when -the blade of that- nozzle is advanc- 
in. 
3. A helicopter rotor i.ncluding a. hub- con- 
neeted wih a pylon, blades exendi-ng frorn he 
hub, a nozzle- ai, th outer end of each blade, 
passage in each blade commuriica-tin, wi-th tho 
nozzle and with. a cQlnmon gas supply chamber 
within he hub,. and- throuah which compressed 
g'as rom the hub flows- te the nozzl te praduce 
a reaction jet. hat driVes-the rotor a valve 
stream frein the. discharge end- o each. nozzle 
and movabl int a-position- te shUt off the flow 
of aas through that nozzle, and mechanism for 
operatina the valve in accordance wih the. anau- 
far position of the blade around the pylon te 
which the rotor is connected; 
4, A helicopter including a pylon, a flxed hub 
portion secured te the upper end of the pylon 
and having a convex spherical bearing surface, 
an upper hub portion- that rotates about an axis 
and that has a concave spherial bearing sur- 
face rotatable as a unit with the rotor-about said 
axis and that fits the  convex bearing surface, a 
labyrinth gland' construction on one of th bear- 
ing surfaces and in  position te cooperate with 
the oti]er bearing surface te seal against 
Ieakage between the convex and concave bearing 
surfaces making, the jpint provided by said bear- 
ing surfaces substantiaily gas tight, an axle 
etnding across the fixedhub portion and piv- 
otally hld by bearingsin said fixed hub portion, 
central bearing, means cOnnectin@" the rotatable 
hub por.tionwith.the axle, conduits leading frein 
the interior Ofthe rotatable hub portion for pas- 
sag of.comprssd gaS.from, the iïaterior of the 
hub te rotor blads cOnnected te said rotatable 
hub poïtion, and a shield within the hub under 
said. central baring-mans, said shield being 
shaped te iive.the space below it a fait ferre for 
the flow of gas frein, the pylon upwardinto the 
hub and out through the conduits leading te ttie 
blades, 
. A helicoptr.including a pylon, a flxed hub 
portion secured te the upper end of the pylon 
and having a convex sphericai bearing surface, 
an upper hub portionthat rotates.about an axis 
and that bas a concave spherical bearing sur- 
face rotatable as a unit with the rotor about said 
axis and that fits the convex bearing surface, a 
sea! making the joint provided by said beariiag 
surfaces substantially gas tight, an axle exténd- 
in2 across the fixed hub portion.and pivotally 
held by bearings in said fixed hub portion and 
about wl]ich the rotatable hub rocks on an axis 
through the conter of the convex and concave 
bearing surfaces, central bearing means connect- 
in the rotatable hub portion with the axle, a 
plurality of hollow rotor blades extending out- 
ard frein the rotatable hub portion and liaving 
conduits lengthwise of.the blades for the passage 
of gas te jet outlets near the outer ends of the 
b!ades, other condults leading frein the interior 
of the rotatable hub portion te the inner ends 
of said conduits in the blades, a shield within 
the hub under said. axle and central bearing 

means, said.stlïeld being."shaped fo. give the spce 
elow if a fair  îrra for the flow of gas frein the 
pFlon upward into thehub: and eut through safd 
other conduits, means fo providing additional 
 thrust te the rotor.blades-to:maintain their lift 
when the helicopter is tïovering or ifs speed of 
translation is lo,v; said means comprising heaters 
in. the blades for-heating gas flowing lengthwise 
through the blades, and pssges for supplyirg 
lO fuel te the heaters includin a ftlell pipe extend- 
ing upvard through  the. central bearing means 
that connect the rotatabl hub portion- with the 
axle. 
6. In a jet-operated helicopter of the. class 
1 wherein a rotor has a plurality of hollOW  blades 
through which a Stream of. air- is: slppliëd to a 
jet discha.rge outlët near thé. tip of ech. blade 
and an eninediven compresser .in-the helic)p- 
ter deli/ers a volume of alr o--the blades nd 
20 through the blades, af a super-atm(spheriC pres- 
sure suflïcient alone, te provide, power te. tir the 
helicopter in horizonthl flght, the. cornbintion 
with said rotor of air passages through, the. höl- 
low blades.comprisiiag the major pgrt of the cross 
25 section of  the blades and, leading frein a supply 
chamber at a. hub of  the rotor te the diScharge 
outlets near the bradé tips, af lasç one combus- 
tion chamber in each blkde and extending ii the 
direction of the blade lengtti and Opell af both 
30 ends-for the-flow, of. the air stream at high veloc- 
ity along the lngth of.-the blidé and  through 
the combustion chamber when there is no com- 
bustion in the chamber, the inside surface of the 
combustion chamber being of heat resistant 
35 materiai and being at,asustaritialdistance frein 
the inside surfaceof the wllsof the blades sub- 
stantially all- around:the combustion Chamber te 
provide heat insulation, space-beween ttie sur- 
faces, a tip structure-connecçed  te each blade 
40 and having.sufaces in-position-todeflect through 
£he discharge outlet  tlïe air stream that flOws 
lengthwise- through the blade arid- combustion 
chamber, a fuel. supply nozzle in the combustion 
chamber and. near the. upstream.end  of- sid 
45 chamber, an ignigiOn, device in the-chamber 
downstream- îrom the nozzlè, and a- fuel supply 
device that supplies fuel te the nozzles-in the 
combustion chambers in. suffiient quantity te 
deve!op auxfliary power for. vertical, ascent and 
50 hovering of the. helicopter. 
7. In a jetoperated heliCopter of. the class 
wherein a rotor has a plurlityof  hDllowblades 
through which a stream-of air is-supplied-te a 
jet discharge ourlet near the tip of each blade 
55 and an engine-drivencompressor in the helicop- 
ter deliversa volume of air te the blades and 
through the blades at a su!er-atmospheric pres- 
sure-suflïcient  alone te. provide power, fO tir the 
helicopter in horizontal flight; each of said blades 
60 including one ormm'e.passages having a  total 
cross section thatcomprises thëmajor part of 
the total cross sectionof the-blade; said one or 
more passages extending all the wayfrom a sup- 
ply chamber a.t .the rotor hub te the jetdisctarge 
65 out!et at thablade tip., .the combination:with said 
rotor ofcombustion chambrsili theblades; said 
combustion chambers, including, one or.-more 
elongated sïeeçes located.in said passages sup- 
ported-from-the blde and spaced from the inside 
70 surface of the hollow, blade throughout the full 
length of the sleeve, se that there is.space for the 
passage ofpart of the air. stream between the 
outside surface.of-the sleeve and the inside.sur- 
face of the hollow blade-to.prevent excessive 
75 transfer ofheat.rom the sleeve te- the-blade» said 



60158 

9 
sleeve extending in the direction of the length 
of the blade and being open at both ends for the 
flow of the air stream at high velocity .along the 
length of the blade and through the sleeve 
regardless of whether there is combustion in the 
sleeve, a tip structure at the end of each blade 
and having surfaces in position to deflect, 
through the discharge ourlet, the air stream that 
flows lengthwise through the blade and sleeve, a 
fuel supply nozzle near the upstream end of the 
sleeve, an ignition device in the sleeve down- 
stream from the nozzle, and a fuel supply device 
that supplies fuel to the nozzle in sufficient 
quantity to develop auxiliary power for vertical 
ascent and hovering of the helicopter. 
WITOLD BRZOZOW.SKI. 
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